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The current trends In coal mining ere directed toward improve miniiig 
techniques and hi.gher coal production rates. One approach being con* 
sidered is the autMBStion of cutter drum ranging on long wall type 
mining machines. This necessitates develoiMMnt of an automatic detectlMi 
system for determination of the locations of the boundries of the coal 
seam. The feasibility of such a system is obviously dependent upon the 
ability to detect changes in cutting characteristics as the cutting 
picks are cutting other than coal. One approach for detection of the 
coal interface is measurement of the pick cutting loads and shock through 
the use of pick strain gage load cells and accelerometers. This technique, 
which was applied in the present program is an extension of work done by 
the National Coal Board in England in the mid*1960's. 

The cutting driun of a long wall mining machine contains a number of cutting 
picks. In order to measure pick loads and shocks, one pick was instrtimen; 
and telemetry used to transmit the signals from the drum to an instrument-type 
tape recorder. 

A data system using FM telemetry was designed under NASA Contract NAS8-31668 
by Shaker Research Corporation to transfer cutting bit load and shock informa- 
tion from the drum of a longwall shearer coal mining machine to a chassis 
mounted data recorder. The purpose of the present ifork was to finalize the 
design of components in the test data system, procure and assemble the 
required instruisents, evaluate the instrument system in an above-ground 
simulation test, and conduct an underground test series to obtain tape 
recorded sensor data which can be used by NASA personnel to develop long- 
wall mining machine control systems. Three task phases were planned to 
accomplish this purpose: 

Task I: Detail design, procure and assei^le data system. Obtain 

HESA and State of Pennsylvania mine use permits. 


Task tl: 
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Mine siBulation test eveluetlon of systMi eon^nente et 
Bruceton Station* Pennsylvania* 

Task lilt Design* installation* and teat of several alternate 
senaitised pick concepts in an operating coal nine 
to obtain tape recorded data for NASA application. 

In addition to the sensitised pick coal interface detecter "CID" Instru- 
sMntation* several additional transducers were incorporated into thr 
■easuraaisnt system to pemit further evaluation of mining machine perfor- 
BMnce and to ease the application of test data. A cutting drum phase 
indicator device was added so that the position of each senaitised pick 
would be independently identifiable. Also, a mining swchine chassis 
accelerometer electronics assend>ly was added to permit correlation with 
other measurement techniques being considered for mining machine control. 

As with other instrumentation developed for mine use, this system was 
designed such that individual components are powered by self-contained 
batteries so that uo never is required from the machine being tested. 

Intrinsic safety is provided by resistance current limiting of batteries 
and selection of low power storage electronic compomnts. Where possible* 
comswrcially-available components were used to insure maximal reliability 
and serviceability. 

The sensitised pick coal interface detection measurement system asseidiled 
under this contract has provided test sMssuremsnt capability in the dif- 
ficult operating conditions of a producing coal mine. 


2-1 


2.0 TRANSDUCER SYSTEM DESIGN 

The transducer sysCM design for this project can be broken dovn into 
three najor conponents: the seneitiaed pick load/shock eenaort the pick 

sensor teleaetry systen, and the auxiliary instruuentation for Mining 
machine perforaance characterisation. Bach of these components will be 
reviewed in aoae detail. 

m 

2.1 Sensitized Pick Load/Shock Sensor 

The concept of the sensitized pick as a iseasureaent device for the detec- 
tion of the boundaries of a coal seam dates back to the early 1950's» but 
the published data available are from British National Coal Board work in 
the Bld-1960's. Sufficient development work was done using pick cutting 
force to allow automatic ranging of cutting druaa based upon the differences 
in output signal between cutting coal and cutting rock or soft clay. This 
work was discontinued when other coal interface detectors appeared to be 
more universally applicable. 


Under Contract NAS8-31668, Shaker Research Corporation designed an 
instrumented pick block (see Figure 2-1) which permitted measurement of 
cutting bit force and shock using a shank-contacting load sensor and 
accelerometer. This design had the advantage of allowing the use of a 
standard cutting bit. but was somewhat cua^ersoM to apply because of 
increased block length to contain the load/shock elements. A redesign 
effort produced the significantly more compact configuration shown as 
Figure 2-2 which can be much more easily applied. The load and shock 
sensing elements are directly preloaded against the cutting bit shank 
so that the action of coal cutting loads the bit tip and further com- 
presses the sensor element. Foil strain gages bonded to the chin 
cylindrical load cell provide electrical resistance change with load 
change to provide static and dynamic response. 
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It l9 that tha loada aoa/or cutting charactar will ba diffarant for 

tha diffarant aatariala axpai.*l«k.icad in saining. Aa coal in a pra-fracturad 
Mtarial it braaka av#ay froa a cutting bit in a diffarant fashion than 
slata» ahala, clay, or other connon saaa twvndry aatariala. Diract load 
aeaauraaant his baan uead as a sansad paraaatar, but also it soaas likaly 
that tha ahock raaponsa of cutting could ba significantly diffarant 
for tha diffarant natarlals. Tha coaponants aalactad for this ssnsitisad 
pick design allow T.aasuraaant of static and dynamic load values snd low 
frequency and high frequency shock responses, using a strain gag^ load 
cell and a miniature piezoelectric crystal accelerometer. 


Tha maasurament of bit load takas on hosm interesting aspects whan one 
considers thi influence of depth of cut upon cutting force. For homo- 
genacus material it would seem reasonable to expect that forces are related 
to depth of penetration as in a shaping or plowing action iHtera power par 
cubic measure per unit time is a reasonably fixed value for a particular 
material. The cutting action for a longwall shearer is complicated by 
the variation in cut depth as any particular bit revolves, with 180 arc 
degrees of zero depth cut, minimum depth at ceiling and floor, ami 
penetration when the bit is at mid-seam. The shape of the depth of cut 
cycle for a typical operating system (56” diameter double wrap dnn, 

60 rpm drum speed, and IS fpm traverse rate) is shown as I'igure 2-3. The 
portion of the cut cycle of interest in a drum guidance oystem is the top 
(0*^) and bottom (180^) sectors over about 10^ to 20^ of rotation. These 
portions of the cutting arc arc prone to ratlter significant variations 
in depth of cut in normal mining as the mined sMterial breaks sway in 
somewhat irregular pieces, presenting either a void or a significant 
projection to the initial contact of the pick. Figure 2-4 shows the 
mounting of a sensitized pick block in a standard drum lacing array, along 
with the telemetry tran^witter mounting case. The compact dimensions of 
the redesigned sensitized pick block permits it to be mounted with only 
minor shifting of adjacent blocks. 
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Concern for the repeetebllity of the inltlel end flnel cut of e etenderd 
errey bit prompted inveetigetion of en eltemetive pick Bountlng configure- 
tlon. Figure 2-5 shove the sensitised pick block nounted behind one of the 
no reel errey blocks in e "shadow** errengeaent which gives soae interesting 
possibilities for aeesureaent variation with different length cutting bits. 

A nearly ideal detection system would be available If the drum could be 
controlled to cut to the lleits of the coal seen but no further: ■axiaua 
coal recovery would result with mininua rock ot dirt included in the flnel 
product, and aaximim tool life would be obtained by not shearing rock. 
Extending the control bit length beyond the rest of the cutting bits in 
the dnm would, with a suitably sensitive system, permit only that bit to 
contact rock or clay while all others were kept in coal, but if the 
extended bit were in the standard array it would experience very high 
cutting forces when it was in the 90° arc plane (maximum depth) as any 
extension of length adds directly to the depth of cut curve across the 
complete cutting cycle. The shadow pick arrangement avoids this severe 
cutting cycle as the pick just ahead takes all the variation in depth 
with angular position, so the corresponding cutting depths are shown as 
the lower four curves on Figure 2-6. This cutting depth analysis is for 
a shadow pick 15 arc degrees behind one standard array pick. Although 
the cutting action of coal is much less regular than this idealised 
depth analysis presented here, the trends should follow the curves some- 
what and it appears that a shadow pick design should permit good resolu- 
tion of cutting action at the beginning and end of the cut, and reason- 
able levels at mid-cycle so that structural strength re<)ulrements and 
wear are minimised. (The broad arc contact of reasonably constant 
cutting force should also allow an every-revolution evaluation of 
cutting bit sharpness so that a normalising process can be used to 
eliminate tool wear and coal hardness variations.) 
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Figure 2-6 
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Th« ratlontl behind bit shock BsssureMnt Is not so clear-cut as for bit 
load detection, but a shock acceleroaeter was included to further charac- 
terise cutting action. At present the mining machine operator can readily 
detect penetration into the rock celling by the sound produced and the 
vibration character of the mining machine chassis. Detection of shock at 
the cutting bit should provide a discrimination capability approaching that 
possible by a sensitive human being, althou^ the integration capability of 
an experienced operator with multiple sensing inputs is extremely difficult 
to compete with in something as complicated as machine control. 

2.2 Telemetry Transmitter Design 

The telemetry electronics components used in this data system were fabricated 
for Shaker Research Corporation by Inmet. Inc. of Indian Harbour Beach. 
Florida. Where possible, standard production designs were specified, but 
some unique requirements did force modification. The unique features will 
be discussed under operating details. 

Low power data telemetry systems operate under the same FCC classification as 
for wireless FN microphones. Transmitters include a tuning coll so that each 
can be adjusted to a frequency between 88 Megahertz and 108 Megahertz to a 
spot where interference is minimal. Usually 1.5 to 2.0 Megahertz difference 
is set between the telemetry transmitters in the same area, and then fine 
tuning of each is done to avoid local Rl radio broadcast station frequencies. 

The normal transmission distance from low power telemetry transmitters is 
50 to 100 feet, but under ideal free space conditions can extend to several 
thousand feet. Transmission in narrow tunnels presents some different 
problems but those occur at distances above 100 feet and will not be of 
concern in this program. It is conceived thnt normally all data trans- 
mission will be from a cutting drum to a chassis receiver location so the 
operating distance will be relatively fixed at 15-30 feet. It is possible 
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to uao tho rocoivor ••■•ably away frott tha alaing Mchina, but taat data 
would ba of lialtad valua without additional naehina parfomanea paraMtara 
which ralata aanaitisad pick outputa to naehina raaponaa. 

Tha pick load aanaor output ia broadcaatad by an FH-FM transnittar ayatan 
with built-in attain gage bridge cMpletion circuitry. Four 350 Oha foil 
gagea are bonded to the load cell, two longitudinal conpreaaion gagaa and 
two circuaferential conpenaating gagea, to provide good attain aenai- 
tivity with twaperature compenaation. A conatant current excitation of 
S.S na powera the bridge, and naxinua sensitivity with four active gages 
is ^ 125u strain full scale. Sensitivity can be decreased by the addi- 
tion of external bridge attenuator resistors for strain levels in excess 
of 125u strain. The FH-FM system is used to allow static strain values 
to be tseasured, and in this design a sub-carrier oscillator (SCO) frequency 
of 10 KHs is varied with strain level to provide dynamic response of up to 
2 KHz. The hookup for the strain transmitters is sho«m on Figure 2-7. 
Several features have been added to the standard transmitter to iaqtrove 
applicability to the mine test environment. They are: 

A. Selective grounding to avoid RF transsd.ssion problems 

B. A carbon resistor transmitting antenna recess mounted in 
the steel cover to provide protection from SMchanical 
(abrasive) damage and freedom from antenna vibration-induced 
noise. 

C. An auxiliary bridge balance circuit was added to permit com- 
pensation for greater gage resistance deviation. 

D. Strain attenuation resistors were added to cut down on 
circuit sensitivity. 

Each strain transmitter is mounted in an aluminum block (along with the 
battery and corresponding shock accelerometer transadtter) which is in 
turn bolted into a steel case that is vrelded to the drum behind the 
sensitized pick block. No cables or electronics are in place during the 
welding process. 
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The shock accelcroiaecer trenralttere i»re selected to provide brosd 
frequency response (10 Hz to 90 KHs) end conqiatlbllity with the Hodel 4344 
Bruel end KJaer scceleroaieters. A selectable gain feature vas added so 
that the level of response could be adjusted In the nine to suit sensor 
output levels. Nominal accelerometer output is 3.3 nv/G, so sains were 
chosen to permit full scale input levels of 333 G's pk, 1000 G*s pk» and 
3000 G's pk by selecting the proper transmitter Juaper pins. 

m 

In order to minimize RF interference and noise probl«zs» significant care 
was put into transmitter ground and lead wire hookup configurations. 
Initial tests widt both FH>FM and FM transmitters powered by the same 
battery produced as much as 500 mv of SCO frequency carryover from the 
strain transmitter to the accelerometer transmitter. The addition of 
twisted pair power leads to each transmitter reduced cross-talk to less 
than 40 mv, an acceptable level. Initial tests without separate low 
side (— ) battery grounding and without antenna ground produced a shift 
in RF center frequency which depended upon structural mounting conditions. 
Increased metal mass from welded attachment seemed to change the antemia 
loading and thus move the transmitting frequency. (The output of these 
transmitters is not buffered so they tend to be affected by changes in 
output Impedance.) Sensitivity to this influence was satisfactorily 
reduced by proper ground locations. 

Battery power required for transmitters is fairly moderate: voltage 

allowable is from seven volts to 13 volts and current demands are 3.5 ma 
(millamps) for the acceleration transmitters and 10.5 ma for the strain 
transmitters. Based upon these loads, a mine-permitted current limited 
mercury cell battery was designed and ordered from Hallory Battery Co., 
Number SR-5473, which will power one of each type transmitter for 147 
hours. No disconnect switch was used — both transmitters are powered 
continuously after they are assembled into the transmitting block. Any 
shutoff would risk an unintentional power interruption from vibration or 


2-14 


abrMlve action during the mining process. Figure 2-8 ehove the wiring 
details for the shock accelerometer hookup. 

Photos of the transmitter* battery, and antenna mounting are ohown as 
Figure 2-9. Spare transmitters and battery are included along widi the 
two complete mounting assemblies. Visible beside the strain gage terminal 
strip is the bridge centering trim pot which is tuned after the load cell 
is attached to the transmitter. In the mine* the acoustic output of the 
receiver is used to tune in the strain transmitter SCO to the 10,000 to 
11,000 Hs range. Increasing bit load decreases SCO frequency. 










2.3 T#l— try l«ctivr Dtalgn 

Th« dMipi of a four channel tclanatry racaivar ma Influane^ by aina taat 
axparianca ^ich dlccatad size and weight goals. Since the racalver assaahly 
was to be used generally with a seven channal Lockhaad Electronics tape 
recorder, a low profilu unit was preferr^ to peralt nountlng on the nlning 
nschine chassis In low coal seam height applications. Minlms!i wei^t was 
specified as usually snae portion of the trip to the mining machine requires 
hand carrying of all the test equipment, and single lt«M weighing more than 
50 to 60 pounds are difficult to handle, particularly if tunnel height Is 
restricted. The final package shov-n on Figure 2~9 Is 14 Inches high by 
21 inches wide by 14-1/2 inches deep and weighs 53 pounds In traveling 
configuration. Figure I^IO shows the telemetry receive* on Its shock mount 
along side the mine tape recorder. 

The FM and FH-FM receivers built into this assembly are from Inset, Inc. 
and are modified versions of stan*.ard production designs. Each was ordered 
for DC operation only so AC line transformers were left out. It was found 
that the DC-DC conversion electronics provided by Inmet could tu>t pass MESA 
Intrinsic safety requirements so a previously permitted modular voltage 
converter from Semiconductor Circuits, Inc. was substituted for the Inmet 
circuit of each receiver. Figure 2~11 shows an Inmet receiver with the 
removed circuit card and the ssHlular converter In place. This receiver 
isodficatlon required a basic change to the receiver batterv pack as the 
original design used 12 volt batteries with solid state current limiting 
for intrlntlc safety. The revised design required 4.5 to 5.5 volts. A 
separate six volt GelCel ^ battery w^th resistance current limiting powers 
each receiver and provides up to seven hours of operation before recharge 
ie required. The four batteries are mounted In an aluminum chassis with 
the wire wound current limiting resistors, under a protective cover. Each 
battery has two 50 watt, one ohm resistors in parallel which are series 
wired to t%io additional 50 watt, one ohm parallel resistors. This gives 
the required one half ohm 100 watt power dissipation capability backed up 
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j * by an aquivalant redundant current limiter with conqplete fail-aafe capa- 

bility. In no way can greater than twelve amps be liberated at six volts 
so an incintary spark cannot be generated. (Tests have shown that more 

c than 15 amps are required to ignite a methane/air mixture at six voltSt 

eo if less current than that is available, the system is safe for gassey 
mine use.) Figure 2-12 shows the battery Installation. The complete 
battery/resistor assembly is potted to insure that electrical integrity 
is maintained. The assembly is mounted to the bottom of the sheet aluminta 
enclosure which holds the individual receiver modules and provides RF 
shielding. Any receiver also re-radiates some of the radio frequency 
energy which it picks up, so shielding is necessary to minimize interference 
between close proximity equipment. 

In addition to providing receiving capability for telemetry signals, the 
receiver assembly also provides conditioning for several other transducers 
which permit further definition of mining machine operation. A constant 
current two mllllamp source for powering accelerometer electronics, built 
by PCB, Inc. was included to permit chassis acceleration recording con- 
currently with telemetry signals. High frequency ranging arm acceleration, 
using a Bruel and Kjaer Model 4344 accelerometer and a PCB, Inc. Model 402 

voltage follower, can be sioultaneously evaluated during sensitized pick 
Interface detection tests. The standard constant current supply battery 
power system by PCB, Inc. was modified for mine use by including resistr.nce 
current limiting to meet intrinsic safety requirements. Low frequency high 
output accelerometers previously permitted under Permit #338 can also be 
po%»ered by this device. 

Also included in the receiver assembly is an additional 12 volt battery 
source for powering two industrial proximity switches which can be used 
to produce speed or phase signals for sensor development. Figure 2-13 
shows the Electro Products Model 55505 transducer mounted in a steel 
holder for attachment to the mining machine. The 1-1/2 inch (3.8 cm) 
diameter by 1-5/8 inch (4.1 cm) transducer will detect the presence of 


\i 


!1 


‘ i 
■ -i 






2*23 


•tMl at up to S/8 Inch (1.6 ca) gap. IniUlUtion of tiiit proxlaley 
■witch noxt to • paiolng projoctlon on the ainlog aMhino 8rtMi or teeing 
the drive rack on tha face conveyor will give an out^t volta^ aignal 
related to drua angular poaition or ehaaaia travaraa apaad. Thaaa aignala 
can be recorded directly on aagnetic tape without further conditioning to 
identify mining aaehine operation. (A reaiatanca voltage divider circuit 
ia built into the tranaducer cable to drop the noainal 10 volt output 
voltage to approxiaitely one volt uhen awtal ia detected. Thia level ia 
coi^atible with normal tape recorder FN input aignala .) Ae epoxy potting 
■eterlal which encapaulatea the tranaducer electronica ia iapervioua to 
aoiature and providea good abraaion and ahock reaiatance for the aine 
environaent. 

2.4 MESA Penaiaalon 

Electronica components for underground coal mine usage are either approved 
or permitted under MESA (now MSIL\) requirements. Components idtlch ml^t 
release sufficient energy to cause ignition of a flamaable adxture of 
methane or natural gas and air are reviewed carefully for hasard potential 
and. If necessary, tested using a rubbing wire brush and rotating cadmium wheel 
In an Ideal gas/air mixture with full battery voltage shorted across the 
brush/wheel contact. A falling system will Ignite the gas in less than 1000 
revolutions of the rotating wheel. The data system put together under 
Contract NAS8-31668 was permitted under MESA Peiait No. 338, and It was 
determined that the additional electronica components for the aensitised pick 
teleaatry system could best be reviewed by requesting an extension of that 
permit to cover these items. The new complete data package (original and new) 
%>as Identified as the Shaker Research Corporation SRI 00 Data System, and was 
given MSHA Permit No. 338A. Included Figure 2-14 shows the individual 
Items which make up the system. A sticker Is attached to each major component 
noting that aine use is allowed under Permit No. 338A. 


2.5 State of Pennsylvania Peralaaton 

The State of Pennsylvania Office of Deep Mine Safety requires inspection and 
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•pproval of potontially hoiordout o^lpoMiit for alno uto« ond Cho Shokor 
Roooorch Corporation SRIOO Data Syitem wat raviavad by a eoMiittaa of alna 
and alaetrlcal Inapaotora to Intura coopllanea. Baeauaa of tha vary abort 
tara uaaga of thaaa data lyataa coaponantt undarground, no fotaal approval 
miabar vaa aaalgnad to th« ayttaa, but tha alna inapaotora for Jana aina 
vara kapt inforaad of taat dataa. The original review of the SRIOO Teat 
Data Syatea waa conducted by a coaaiittee appointed by Hr. Laaont, head of 
the Greenaburgt Pennsylvania Office of Deep Mine Safety and chaired by 
Mr. Clarence Kelley. After Mr. Kelley retired, Mr. Jesse Bolen took over 
responsibility for review of In-aine test installation. 
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3.0 MINE SIMULATION TESTING 

As a portion of a projsct to produce and apply a data systea for aina 
aeasuranent and tape recording of sensitised pick coal interface detector 
output, a test simulation was planned at the above-ground longwall coal 
mining installation of the Burctau of Mines at Bruceton Station, 

Pennsylvania. The test simulation goal was to evaluate data output charac- 
teristics of telemetry transmitters and other test devices specifically 
designed for mine use in the electronic and structural environisent of an 
operating mining machine. The Bruceton installation provides a unique 
opportunity to perform such tests in a realistic test situation without 
the access, safety, and permissibility restrictions of underground Installa- 
tions. In addition to providing equipment test simulation, this program 
phase provided an excellent "dress rehearsal" of the underground installation 
and test. 

The equipment selected to relay- pick cutting load and shock from the 
rotating drum to the mining chassis included an FM-FM strain transmitter 
which broadcasts static and dynamic loads from a bit-shank-contacting 
strain gage load cell, and an FM high input impedance transmitter for 
broadcasting output signals from a bit accelerometer. The transmitter/ 
receiver is tuned to a standard FM radio transmission band in the range of 
88 MHz to 108 MHz (MegaHertz). Self-contained batteries power the trans- 
mitter and receiver to allow operation without external electrical power. 

In addition to drum transmission data, the receiver assembly also provides 
capability of conditioning several additional test parameter outputs for 
more complete definition of machine performance. Provision is available 
for powering a chassis-mounted accelerometer for direct measurement of 
structural vibration, and two speed or phase marker transducers for drum 
angular position detection and machine tram rate measurement. 





The output* of *11 trensducer conditioner* are norwlly directed to e 
Lockheed Model 417D tape recorder for peraenent record of teat* reaulta. 
Thi* aeven channel unit alao ia battery powered for aeIf-contain«l 
operation. All exponents of the ayatem are MESA peraitted for goaaey 
nine uae under Pemit No. 338 A. 

3.1 Teat Inatelletion 

• 

To perfoni a reaaonable aiwilation test with ninimin nachine nodification, 
only one aenaitised pick aaaettbly was installed on the right-hand drun of 
the Bruceton Joy longwall niner. A shadow pick block was added to uhe 
standard drun lacing pattern, a transeitter mountii^ case welded to the 
drun web behind the last bit block, and a connecting lead wire conduit 
welded between the block and case as shown In Figure 3-1. The bit block 
and transnltter case were reinforced with diagonal braces to the drun 
structure as shown in Figure 3-2. These wvlded-on conponenta accept pick 
load and shock sensors, and one. each telemetry transnitters for strain 
gage load cell and shock accelerometer. 

In addition to the sensitized pick CID equipment, a drum phase angle 
indicator and a chassis shock accelerometer were installed to evaluate 
these components of the mine test system. An Electro-Products proximity 
switch was nounted on the cowl am to detect the passing of the trans- 
nitter case cover so that pick angular location is identified. Ranging 
am shock has been identified as an Indicator of the scan naterial being 
cut so a high frequency acceleroneter was attached to the chassis in hopes 
of correlating CID outputs. Figure 3-3 shows the nounting of these 
additional instruments. 
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3,2 Test Results 

The purpose of the Bruceton facility test was to provide test inforstatlon 
about instrument systen performance rather than mining machine perforswnce. 
On that basis, the tests were very successful as a number of problems were 
identified tdilch would have minimized underground test usefulness. Test 
performance will be reviewed for each portion of the insttrument package. 

3.2.1 Ftf-FM Strain Transmitter 

Pick load data transmission was accomplished with reasonable success 
but with more transmitter interference than expected from bench tests. 
The combination of welded~on transmitter case and bit block along 
with drum mass gave a somewhat different transmitter loading than was 
experienced with individual system components connected by grounding 
clip leads. A significant part of this material influence comes from 
the method of antenna mounting selected for this application as the 
radiation conditions are very much connected with structural strength 
and abrasion resistance demands of the coal mining activity. The 
transmitter antenna is made up of a 68 ohm carbon resistor termination 
which allows the output power to be maximized while avoiding antenna 
vibration and mechanical damage. These resistors (one for each trans- 
mitter) are mounted in two cover grooves which receive the transmitter 
RF output and then turn the cover into a rugged transmitting antenna. 
Because the cover need be securely mounted, the antenna characteristics 
are not fully established until it is bolted to its mating box which 
has been welded to the mining machine drum. 

For this test, it was found that securely bolting the transmitter 
antenna/cover in place almost completely suppressed strain transmitter 
output. Several attempts were made to electrically insulate the cover 
from the base, but installation of the non- Insulated bolts seemed key 
to electromagnetic coupling between cover and box. A temporary 
attachment using duct tape as electrical insulation permitted a limited 
amount of coal cutting to further evaluate sensor outputs. 
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Figur* 3.4 shows s ssnple of the low frequency dsts output froa the strain 
gage transducer (DC to 30 Ha). The upper trace of force for coal cutting 
only shows a rather moderate load level cf 70 to ISO pounds for the roof 
portion of the cut cycle* 10 to 20 degrees of cutting arc, while the lower 
curve loads are from 300 to 450 pounds for the Initial portion of the cut. 
All of these data are for a standard 3“ length bit trailing anproxlmacely 
20 arc degrees behind a standard array bit. 

» 

3.2.2 FM Pick Shock Transmitter 

The transnltter antenna loading phenomenon described for the FM-FM strain 
transmitter had an even more pronounced effect upon the FM pick shock 
accelerometer output. The several attempts to provide an RF insulated 
cover condition ended up with no signal transmission at all. It was 
later found that an accelerometer transmitter ground loop existed which 
in effect re- tuned the broadcast frequency to a band outside the tuning 
range of the receiver (normally 88 MHz to 108 MHz). Steps have been 
taken to alleviate this problem (see Section 4.2). 

3.2.3 Drum Phase Marker 

The drum angular position indicator performed without difficulty and 
produced the tape recorded signals as shown on Figure 3.1. The test 
transducer appears rugged enough to survive mining service for both 
drum phase indications and for mining machine tramming rate measurement 
by counting either drive rack teeth or haulage chain link passing. 
Recording of these test signals on a tape recorder FM channel gives a 
good phase reference at the low repetition rate of either drum rotation 
or ground speed event passing. 

3.2.4 Chassis Acceleration Measurement 

The high frequency shock accelerometer mounted on the ranging arm to 
provide correlation between cutting bit and chassis responses produced 
no usable data for this test. It was later found that the time constant 
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selected for a tines ten voltage amplifier added to improve accelerom- 
eter signal strength was improper so a large DC voltage build up 
occurred which saturated the amplifier output. Thia time constant 
has been modified so that the problma will not reoccur. 

3.2.5 General Installation Notes 

It was found that the physical placement of the transmitter bux was 
at a larger radius than desirable so that significant abrasive action 
occurred as the mounting box rubbed against the concrete cap and 
against the just-cut synthetic coal. Effect upon this series was 
minor, but in future installations particular care will be taken to 
keep the mounting radius below the level of drum bit blocks. If con- 
tinued sensitized pick tests are conducted on the Bruceton machine, 
relocation of the transmitter block should be considered. 

Use of the commercial FM radio transmission band in an above-ground 
installation caused some additional test Interference as local broad- 
cast stations can sometimes overcome the low signal strength available 
from the data transmitters. The selectable AFC signal seeking control 
on each receiver could not be used as it would cause the tuner to lock 
on to the stronger music broadcasts Instead of staying with the data 
channel frequency. This problem can be minimized by retuning the 
data transmitters to bands further from broadcast frequencies and, 
of course, will be non-existant underground where there are no other 
competitive stations. 

It was also noted that shrouding effects as the drum rotated were 
greater when the mining machine was standing alone than when the drum 
was beside the coal block. The signal normally present at the 
receiving antenna is made up of direct (straight line) and reflected 
waves, so the presence of additional reflecting surfaces behind the 
transmitting antennas will Improve transmission performance. Mine use 
should provide suitable reflecting walls nearby to maximize reception. 
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3«3 Equipment Modification After Test 

As • rssult of the Bruceton test series , a number of changes sere m4s 
to the Mine test systes to overcoae difficulties experiencsd. The result- 
ing systes has greatly increased test perforsance potential in underground 
applications and decreased possible installation difficulties. 

3.3.1 FM-FM Strain Transmitter 

Laboratory evaluation of similation test problems for the FM-FM pick load 
transmitter system showed that transmitter antenna loading influences 
could be significantly decreased by proper system grounding and lead wire 
routing. The following changes were made to improve operation: 

A. Shielded four-conductor lead wire was applied instead of four 
individual conductors from strain gage load cell to transmitter 
input . 

B. Separate twisted pair leads were Installed from battery 
terminals to each transmitter (FM-FM and FM transmitters 
are powered by a single current-limited 12 volt battery). 

This decreased FM-FM sub-carrier Interference from 200 mv 
down to 50 mv or less at the receiver output. 

C. Battery low side terminal was grounded to the mining 
machine drum. 

D. A voltage-dividing network was added to the strain gage 
bridge output to reduce load sensor sensitivity. This 
was deemed necessary as the output of the standard 
length shadow pick nearly reached the allowable voltage 
limit for the Lockheed tape recorder, and the other pos- 
sible configuration proposed will have six to ten times 
as much load possible. Any of the extended length bits 
(3-1/4" and 3-1/2" bit lengths are available) or the 
standard array sensitized pick configurations would 
undoubtedly produce levels which would saturate signal 
electronics unless attenuated. 
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B. The carrier fraquanclat for FM-FM and FM tranaalttaro in 
Che sane case were adjusted to a^ialte Interference. 


The result of these changes waa 
Influence upon signal strength. 


lignlf leant reduction in aountlng 


3.3.2 FM Pick Shock Transaltter 


As with the FM-FM transmitter, the slMck accelerometer transmitter 
performance suffered primarily from ground deficiencies which pro- 
duced transmitter antenna loading to distort the radio frequency 
output. Antenna loading influences were minimized by the following 


steps: 


A. Separate twisted pair leads were Installed from battery 
to each transmitter as indicated In Section 3.3.1. 


B. The battery lew side terminal was grounded to Che mining 
machine dr;-".. 


C. The transmitter- antenna low side terminal was grounded 
to the mining machxne drum. 


During the Bruceton test the only transmitter ground connection was at 
the shock acceler<»ieCer base, and this configuration swde the transmit- 
ter particularly sensitive to the ground connection between the 
accelerometer and the transaltter. The ground connection at the 
accelerometer cannot be avoided because of mechanical construction, 
so a normally undesirable ground loop (grounding at both ends of a 
transducer connecting wire pair) Is necessary to minimize problems. 
This Is a case where RF transmission problems supersede low frequency 
data handling concerns. 


3.3.3 Chassis Accelerometer Amplifier 

The imprudent selection of a very high Input Impedance for the tines 
ten gain amplifier gave unexpected problems from low frequency (near 
DC) output from the accelerometer. The charge buildup on the DC 
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blocking capacitor in the voltage follower output could not bleed 
off so the aapllfier electronics were ssturated by excessive DC 
offset. The cure was the installation of an 18K oha resistor 
across the input to ground to allow excess charge to drain off. 
The reducec input impedance causes no gain error. 
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4.0 DATA COLLECTION IN AM OPERATING COAL MINE 

Section 3.0 of this Report deecrlbed preliminary teetlng conducted above 
ground of a eeneltlzed pick on a Joy longwall miner. Final data to be 
used for eatabllahing feasibility of using a sensitised pick for detection 
of coal Interface was conducted below ground on an Elchoff single drum 
ranging arm shearer. Actual detailed data analysis was not Included as 
part of this contract • but la to be conducted by NASA pjersonnel. Therefore, 
only a preliminary review was conducted to Insure suitability of the data 
for subsequent analysis. The following paragraphs briefly described the test 
site. Instrument installation, data collection techniques aiki preliminary 
data review. 

4.1 Mine Selection 

The coal mine selected to demonstrate the Sensitized Pick Coal Interface 
Detector concept was the Jane mine of Rochester and Pittsburgh Coal 
Company near Indiana, Pennsylvania. This installation has an Elchoff 
Model 170 single drum ranging arm shearer operating In 58” to 60” of 
coal. The drum diameter is 56" so normally is cutting completely In coal. 

At the roof, the layer above the coal is a high (80%) ash material called 
"blackjack” %ihich is normally not mined as it reduces the BTU's per ton 
of product. The output of this mine goes right to the power plant so 
careful mining directly imprcves the quality of delivered coal. The 
blackjack layer is 4” to 8” thick and has a white shale layer above It. 

The floor noramlly is firm. Poof control has been a problem In some 
portions of the Jane longwall panels as faults have caused some significant 
falls and Interruptions in production. This test series was delayed by a 
roof fall which buried a number of chocks and pan line sections and forced 
a relocation of the longwall. The management of the ^>chester aikl 
Pittsburgh Coal Company was amst patient and tolerant of the efforts of 
Shaker Research Corporation to accomplish the mine test portimi of this 
contract. The mere presence of extra people underground requires significant 
effort from those whose full time job Is to mine coal. As much as was 
possible, teat personnel avoided situations which would burden the mining 
crews with added work or would seriously hamper production. The excellent 
cooperation of all mine personnel was most appreciated. 
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4.2 TMt Intf nation - J«n« Mint 

Th« initial aquipnent inatallation «aa Mde at tha Jana aina during ainara* 
vacation with tha aaaiatanca of a ragular craw longwall aachanic. Two 
tanaitiiad pick inatruaantation bit blocks ware waldad to tha shaarar drua 
to provida tast evaluations of cutting bit load and shock. One standard 
cutting bit block was removed from tha drua and a sensitised pick block 
installed in its place, and 180^ around from that block a trailing block 
was installed to evaluate the shadow pick concept. A steal transmitter 
box was mounted behind each sensitised pick block in a protected position 
near the hub of the drum, and a conduit welded in-between block and box to 
contain the connecting lead wires. All welding was done without electronics 
in place. Figure 2.5 shows a layout of the trailing pick concept as 
installed at the above-ground longwall demonstration site of the Bureau of 
Mines at Bruceton, the same arrangement was used but for a right-hand drum. 
The standard in-line bit block installation is shown on Figure 2.4. One 
shift was sufficient to complete required welding. 

During preparations for mining machine vibration testing (Contract Nuodier 
NAS8-315S8), this shearer was equipped with an instrument smunting con- 
tainer which was an open-sided steel box cantilever mounted off the rear 
end of the mining machine, out over the face conveyor. Because of a 
ceiling cave-in at Jane mine, the testing for the ea lier contract was 
conducted in a West Virginia mine, but the mounting hardware and the 
enclosing box were stored above ground so that they were available for 
containing the tape recorder and telemetry receiver for this test series. 

The 56" high coal seam at Jane limits the vertical space between the 
shearer and the chocks to as little at 6" to 8". Ihe end swunted box 
permits the installation of an instrument up to 21" tall while decreasing 
the minimum machine vertical clearance by only 4", the amount the box 
extends above the shearer. The open side permits equipment access during 
test for adjustment, %>hile the instruments arc relatively protected from 
falling debris. Air flow across this face is from tail to head (ri^t to 
left tdicn facing the shearer) so dust from the cutting action of the left- 
hand drum blows away from mounted equipment. A bench photo of this mounting 
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it ihovn at Flgurt 4.1, vtth tht tape racordar thoek aatmt la ptaca. 

In addition to the aanaitiaed pick inatruaentatlon outputa, aaveral othar 
transducer responses were tape recorded during shearer operation. An 
Electro Corporation proximity switch was Installed on the ranging arm to 
detect a dnai jAase marker attached to the hub. The proximity switch 
gives a “M volt DC signal when sietal is in front of the t«ising end: 
steel objects within 0.62" (1.6 cm) of the sensor will trigger an output. 
The phase marker element is a steel plate welded to the cutting drum hub 
so that it is the nearest metal to the shearer. This plate is angularly 
located so that the sensitized pick is near top center when the plate 
passes the proximity switch. 

Power for the proximity switch comes from s 12 volt current limited 
battery in the telemetry receiver. A three wire cable provides signal, 
power, and ground connections. 

A second Electro Corporation proximity switch was mounted to detect 
passage of the shearer haulage chain links so that shearer speed can be 
Indicated. The sensor was placed so that vertical and horizontal links 
of the chain gave one complete square wave signal with a period of 5.0": 
the duty cycle ("on" time versus "off" time) varies somewhut depending 
upon tension in the chain. The drive sprocket is to the right of the 
sensor so the chain is taut when the shearer moves left and slack when 
the she ^r trams right with only chain tensioner load on it. Discretion 
must be used in applying this output for other than average rates of 
movement. 

TWO pairs of 30" length whip antennas were used for the four channel 
telemetry receiver set. An angle bracket was fabricated to hold each 
pair parallel to the horizon and 4" above the shearer chassis, with one 
of each pair pointed toward the head end and one pointed toward the 
tall. One bracket was mounted directly in front of the shearer drum at 
the gob side of the machine and the other was snunted at the tail end of 





4-S 


u 


r> 


s 


I 

■I 

eh* thsarar, rl^t b**id« eh* receiver pecket** Thee* loeetioBS were 
aelMted to nextols* reception, ninials* entmne interaction, end avoid 
infringeaent upon operator apace. 

1 

A high frequency (to 40 iOIa) miniature B&K Model 4344 accelerometer we* 
mounted on the ranging era to attempt to monitor cutting action ahock 
during teat. These output* were recorded to provide correlation between 
aenaitisad pick output and another output idiich has been shown to tense 
the coal interface location. Power for the line driver ineerted in the 
acceleroiMtcr connecting lead wire comes from the PCB, Inc. Model 480 
source mounted in the telemetry receiver chassis. 

The outputs of various transducers were recorded on the Lockhe«l Model 417D 
tape recorder prepared for mine testing. Seven tape channels plus a voice 
track were recorded for above~grotmd reproduction of test data. Accelera- 
tion responses typically were recorded on direct record channels to give 
response from 100 Hz to 50,000 Hz, while pick load, drum phase, and haulage 
speed were recorded on FM data channels to give response from DC to 5,000 Hz. 

4.3 Mine Test Results 

Actual mine testing occurred several weeks later I'han planned due to 
unexpected problems. Installation of the sensitized pick cutting bits, 
both in the trailing "shadow pick" arrangement and in the in-line normal 
array position, was accomplished in one day shift during miners' vacation 
on June 27. Management of Jane mine provided a longwall mechanic (a memb er 
of one of the regular longwall crews) to burn off one bit block and then 
weld on the replacement in-line block, the shadow bit block, two transmitter 
mounting boxes, the connecting conduit between transmitter box and 
sensitized bit block, ami all necessary diagonal braces to provide mechanical 
strength. The recorder/recelve** mounting box was bolted to the rear of the 
shearer, and a drum phase marker and haulage chain speed sensor mountings 
trar* installed. 





Xt planned that the rent of the teat inatallation would taka plaea 
dnrlng tha firat ahift back aftar vacation on July 9. Tha '*hoot-owl*' 
ahii't craw waa aehadulad to ranova tha taaporary eallint aupporta 
Inatallad to inaura faca intagrity during tha outaga* ao no intar* 
ruption of aehadulad production waa anviaionad. TVo Shakar Raaaarch 
personnel went in with the crew on the man trip and accomplished tha 
inatallation by 6t00 a. a. At that tine, the cleaning operation waa 
through and tha ahaarar was started to begin production. Initiation 
of tha Record node of the Lockhe«l recorder caused one of the tape 
recorder reel drive belts to snap, and as no replacenent was at hand, 
the coBplete test set»ip was removed so that regular production could 
begin. The welded-on components resMined in place on the dnas, while 
the removable mounting hardware was set off in a nearly cross-cut. 

All electronics were removed from the mine. 

The next Saturday the test team returned to the mine to reinstall the 
test package in preparation for Sunday night tests with the production 
crew. Unfortunately, the shearer had been left in aid-panel where 
welding could not be done, which forced a delay until the next 
week. At this time, the in-line block assembly was intact, but the 
transmitter box for the trailing pick asses^ly was gone. Plans «#ere 
made to return with spare components to restore the drum set-up. 

On July 22, 1978, reinstallation was done during a scheduled Saturday 
idle shift. At this time, it was found that the trailing shadow 
sensitized pick block had been knocked off along with the transmitter 
mounting box for the in-line bit block, so it was decided to restore 
only the complete trailing pick setup as it could be used to evaluate 
both trailing pick and in-line cutting shock and force. By leaving out 
the pick ahead of the trailing pick, a reasonable approximation of nonMl 
cutting forces can be made. The Shaker Research test crew went in again 
with the hoot-owl crew on Sunday night. After being delayed by track 
flooding* reached the face at about 4:00 a.m., and were able to start 
production by 5:10 a.m. A full face cut was made by 6:30 a.m. (from 
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hMd to toil, opprox^toly 350 foot), ond It voo fotmd thot tho 
tootruBMt KMBtlns box io placo tho ohoaror drua could not cut out 
into tho otttry. Tho crow flniahod tho ahift drilling tho laat 3' of tho 
cut for chargoa to ahoot tho uncut soction. To avoid tho haiiard of 
ataying alono at tha longwall aoction, tho Shakor toot crow loft tho 
mine and returned with the day ahift crew to finiah the teat and 
ranova all aquipmant by 11:00 a.m. Within that period, tha aacond 

a 

panel cut waa co^^latad with a variety of cutting bit configurationa 
uaad for both coal cutting and rork cutting. With one aonaititad pick 
and two trananittara in uaa, it waa poaaibla to improve teat reliability 
by uaing two rocaivara and two tape recorder channala for each trana- 
mitter output. Tha tape recorder channala for the aacond record of each 
pick aenaor output waa attenuated ao that channel overload poaaibilitiaa 
wera reduced. Tha tape recorder inputa ware organised as shown on 
Table 4*1, the Data Tape Log. TWO reala of tape ware required to complete 
the two panel cute, with approximately twenty minutes of actual shearing 
per panel pass. The drum was ranged up into the hart^ ceiling several 
times in each pass to give a good repreaentation of actual mining opera- 
tion. 

Table 4-1 describes the characteristics, output sensitivities and tape 
channel locations of each of the sensors. Figure 4-2 and Table 4-3 
illustrate and describe the locations of the sensitised pick instrumenta- 
tion. 
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TABLE 4-1 


NASA MINE TEST 


Data Log Tape #208 


Tape 

Channel 

Sensor ' 

Tape 

Gain 

Telemetry 
Receiver 
Gain Offset 

1 FH 

Pick Load #4 Receiver 

XI 

aiu. 


0 

2 Dir 

Pick Shock #3 Receiver 

XI 




3 FM 

Pick Load #2 Receiver 

X 1/5 

min. 


0 

4 Dir 

Pick Shock #1 Receiver 

X 1/13 




5 FM 

Drum Phase Marker 1/rev 

XI 




6 Dir 

Ranging Arm Accel 3.0 mv/G 

XI 




7 FM 

Haulage Chain Pass - 5" period 

XI 




VT 

Voice Coamentary 






Operation Sm— ary 

A. Initial 1/4 panel standard length trailing pick with lead cut from left 
to right (head to tall) . 

B. Rest of panel to tail — standard length bit without lead pick — standard 
bit load (nearly) 


Data. Log Tape #210 


Tape 

Channel 

Sensor 

Tape 

Gain 

Telemetry 
Receiver 
Gain Offset 

1 FM 

Pick load - #4 Receiver 

XI 

min. 

-l.Ov 

2 Dir 

Pick Shock #3 Receiver 

XI 



3 FM 

Pick Load #2 Receiver 

X 1/5 

min. 

-l.Ov 

4 Dir 

Pick Shock #1 Receiver 

X 1/13 



5 FM 

Drum Phase - not available 

XI 



6 Dir 

Ranging Arm Accel 3.0 mv/G 

XIO 



7 FM 

Haulage Chain Pass 

XI 



VT 

Voice Coamentary 





C. 3-1/4" pick trailing a standard bit - full tape traverse from tail to head 
(right to left) 



TABLE 4-2 


DETAILED SENSOR DESCRIPTIOH 


Pick Load Ctm 


TMHirnmn 


Largatt dlanatar load call bearing on bit ahank, praloaded by 
cap bolt ■ 0.4VDC • 2100 lb. 

Load call output (direct compression) • 5200 Ib/volt. 

Load cell output (tip load) ■ 3333 Ib/volt (at receiver output) • 3” bit 

Load cell output (tip load) • 3075 Ib/volt (at receiver output), 3,25*' bit 

» 

Two compression 350 ohms strain gage -f two dummy gages at 90^ for 
compensation. 

External attenuator to multiply full scale microstrain. 

Transmitter setup to reduce system sensitivity. 

156 ohms series resistance, 27 ohms parallel resistance. 

Normal F.S. with 4 active arms ■ - 125^ strain at sero attenuation. 


Pick Shock (Tape Channels .2 and 4) 

B&K Model 4344 accelerometer on pick load button. 3 MV/G nom. output. 
44 MVPP/1 KH* Pin 1-2 attenuator hookup. 

2.2 V ■ 366G at input to transmitter. 

5.0 V - 366G at receiver output or 73.2 GPK/Volt Pk. 


Drum Phase Marker (Tape Channel 5) 

Electro Corp. Model 55505 proximity switch anunted on ranging am, 
detecting passage of a welded-on plate following the pick axwnted 
web. Provides phase Indication to mark bit position. Zero volts 
d.c. for no mtal, one volt d.c. when material in front of sensor 
(up to 0.62 inches clearance between sensor and plate). Sensitised 
pick at roof when triggered (approximately). Normal 0-10 volt output 
divided to give 0-1 volt response. 

Ranging Arm Acceleration (Tape Channel 6) 

BAK Model 4344 accelerometer on ranging arm to detect cutting 
shocks. 3 MV/G output using voltage follower (FCB) to give low 
Impedance to drive tape recorder input. Shaker Research XIO 
a^^)lifier available to boost output, if needed. 


MW 


Tjblf »-2 (CotittnMt4) 
DETAILED SENSOR PgSCRIPTlON 
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S. ItoulMa S— d (T«d> Ch«nn«l 7) 


Bl«ctro Corp. Model SSS05 proxlalcy owlteh aounted to dotect paoa 
of haulego chain linka. Period of altamata llnka aquala 5.0 lnchaa« 
80 poaltlon and rata of tranaiing can he detected. Motaal 0 to 10 
volt output divided to give 0 to 1 volt reeponee. 


6. Voice Track 


Noiee cancelling hand-held microphone for coaeMntery during teat. 
Four foot lead wire between mike and recorder. 


riHMiMiiittiiai 
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UFT 









TABLE 4-3 


SENSITIZED PICK COAL 


INTERFACE DETECTOR 


Pick Load and Shock Detactlon Coaiponanta 
Drawing No. 117-C-125 


Modiflad Bit Block (R.H.) 16 (L.H.) 

Rataining Scrav*End Cap, 3 each 
Anti-rotation Pin 
End Cap 

Load Call Praload Scraw (Lock Nut Not Shown) 

Hardenad Uaahar 
Preload Spring (Not Used) 

Load Cell Adapter 
Washer - Anti-rotation 
Shock Accelerometer 

\ Load Cell - Alternate Diaawters with coopression and 
( compensating strain gages 

Protective Sleeve (Not Used) 


Load Cell Contact Adapter (Hardened) 



4.4 Tlpt DaU R«vttv 

Th« detailed enelysie of date Is to be conducted by NASA Marshal 1 Space 
Flight Center personnel. A prellalnary review of the data was conducted 
by Shaker Research Corporation to Insure adequate signal to noise ratio 
of ell recorded channels. The following discussion and coeaMnts are not 
Intended to Interpret results but ere drawn from a very limited scan of 
the test data. Some of the reconsnendatlons for processing Information 
will have to be viewed as possible techniques rather than as ultlisate 
procedures. 

It has been projected that the cutting force on a shearer pick Is pro- 
portional to the depth of cut of the bit, a somewhat variable value which 
depends upon drum speed, machine tramming speed, and angular position of 
the drum. The normal cut depth varies as the Baseline 180° spacing plot 
shown on Figure 2.6 with the use of a trailing or "shadow” configuration 
measurement pick minimises the difference in depth of cut with angular 
position for extended length bits. For the 1/4" extension bit used In this 
series, the difference between aiaxlmum cut and starting cut la less than 
two to one, while the standard arrangement shows a twenty to one or greater 
difference between the cutting depth at celling or floor and that experienced 
at the 90° angular position. 

In data reduction, confirmation of the shape of these curves Is desirable 
but probably optimistic as the irregular fracture of coal gives rether 
wide instantaneous variations in depth of cut. Hotrever, a brief review 
of tape recorded responses of pick load shoiM that the trailing pick with 
zero extension (standard length bit) gives very moderate load Indications, 
the standard length bit without a lead pick gave very large signal 
strength indications, and the trailing pick with 1/4 inch extension gave 
intermediate load level indications. The general impression gained during 
analysis was that tape data channel 1 was the better information record 
as the data in channel 3 appeared to have much more noise and receiver 
tuning problems. 
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Two atjor data analytia tachnlquaa wara utillaad to ravlaw load data: 
lov fraquancy atrip chart recording (DC to 125 Ha) and raal tlaM apactruai 
analyala uaing a Nlcolet Scientific UA-500 Spactruai Analytar. Bkaaiplaa 
of low fraquancy raaponsa for three tranaducera are ahown on Figure 4.3, 
which illuatrataa aaq^lituda veraua tiaM plota for the attain gaga load 
call, the ahock accalaroMtar on the pick, and the haulage chain tran 
apaad indicator. The accelerooeter output waa envelope detected to 
define the character of the ahock reaponae aa the direct record capabllit)' 
doea not reapond to leaa than 100 Ha data. Thia trace ahowa aoM Intereat- 
ing variationa during the cut cycle. 

Figure 4.4 ia another tiiae plot which ahowa the drua ^aae aarker output. 

Thia aenaor waa only available during the firat quarter of Tape 209, but 
it can be uaed to deteraine drua apeed and aa an exaapla of a poaaible 
output for a longer term teat installation. 

An example of apectrum analysis of tape data ia shown as Figure 4.5. This 
trace shows frequency component values of the pick load cell which indicate 
that much data is present in the frequency range from 1000 to 2000 Ha. It 
is assumed that some of the discrete components are due to resonance of the 
pick, and these components may be useful carriers of information about 
cutting action. 

Evaluation of the ranging arm acceleration response recorded in tape 
channel 6 «ms very limited and was primarily a visual review of oacilliscope 
reaponae during various cutting conditions. It appeared that a fair amount of 
low frequency noise was present with aamll bursts of hi^ frequency 
information occurring as cutting shocks take place. These data should be 
revic%*ed using narrow band frequency analysis to separate the low and high 
frequency components. 






J 


I 


ORIGINAL PAGE IS 
OF POOR QUALITY 







GO 

c 


^ G» 
H 50 
I 0 

a 

to 50 
U ^ 
(Q pe: 
Q 

U 

4a 0) 

w •v 

Qt U 
H O 
U 

a 0^ 

u od 

•H 

Pu N 

> * 

O lA 
•O Al 

to ^ 

w o 

>s 

V 

c 

9t 

a 

V 
0) 
u 

(Li 


r-> 

I 

0^ 

U 

0 

OO 



:-| 




4-16 



ORmNALPAMII 
or POOR QUALITY 




ijHioitlfil PAQE 18 
MPOOR QUALITY 


4-17 i 


4-18 


Initial Mvlaw of tht data indlcataa that all racord ehannala appaar aatia- 
factorlly and ara aultabla for datallad analyaia. Datailad analyaia ahould 
provlda contldarabla inforaatlon ragardlng Imgaall ahaarar bit loada and 
ahock Infomation. 

Datailad cycla-bycycla analyaia will ba raquirad to aatabliah auitability 
of tha inativjwntation for dataction of tha coal-rock intarfaca. 


Thlt p'.-ogrMi to dotlgn, build, Md toot • lytton to noMuro and racord 
tha cutting action of picks in a longvall chaarar dnaa haa raaultad in tha 
ganaratlon of approxlMtaly ona hour of nultipla channel tact data froai a 
variety of tranaducera and during a variety of awehina operating conditiona. 
Baaed upon a vary brief raviav of these data, both the instnaaentatiMi 
aystaaw and tiia naaau rsna nt concepts developed have bean adequate to define 
cutting forces and shocks in normal adne operation of a longvall shearer. 

The difficult task of analysing these te^t data to define control pameters 
to make use of the sensitised pick coal interface detection technique 
remain to be accomplished. 

It is recoomended that a very detailed cycle -by -eye la analysis be done 
of test data to characterise the response for normal full depth cut, for 
standard length trailing pick operation, end for extended length crailing 
pick operation. From this study the preferred pick mounting will be defined 
for sensitised pick C.I.D. application, and at least a preliminary definition 
of required data conditioning will result. It is expected thai a rather 
complex algorithm will be needed to coo^are in>seam coal cutting with coal 
plus non^coobustibles cutting so that factors such as tramming speed, coal 
hardness and fracturability, seam cleavages, ami bit sharpness can be 
accounted for in determining the location of hard rock or soft clav boundaries. 

Based upon the difficulties experienced in obtaining the in-mine test data, 
it is recoassended that further evaluation of any sensitised pick C.I.D. 
be begun with -extended operation above ground to thoroughly "wring out" 
cosiponents at a facility such as the longwall deasmstration site at Bruceton 
Station. The severe test environment, coupled with reduced Instrument 
asmitoring capability, makes evaluation of performance underground very 
difficult. The limited above ground tests conducted in this program amde 
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^ •Ignlficant eontributiont to sfulpMuc checkout, but eddltlenel operetlon 

«0uU have further lepreved data fathering reliability and would have 
aaeiatod in evaluation of the basic concept of coal interface detection. 

It ie further recowMi^M that the application of the aMiaitiied pick C.l.D. 
concept be initially to produce a coal - clay - rock signal which an 
experienced cperetor can use to guide the cutting drum. An indicator system 
with lights would give an opportunity to evaluate the detection schesM with- 
out the demands of machine control logic and absolute fail-safe require- 
ments. 

The basic components of the system developed under this contract appear to 
be suitable for extended above-ground or underground test evaluation of the 
aensitiied pick detection concept. The instnuaent bit block, transmitters, 

^ batteries, and receivers can be repackaged into more rugged cases for 

continuous application on a working coal mining siachine. 



